ABSTRACT. We investigated the extraction of Toona sinensis fruit proteins and preliminarily characterized their physicochemical properties. The results showed that optimal extraction occurred under conditions of pH 10.5, a duration of 40 min, a liquid-to-solid ratio of 25:1, and a temperature of 40°C by an orthogonal design using T. sinensis fruit protein as the index and single factor. The total nitrogen content was 13.8 g/100 g and included 17 different amino acids. The glutamate level was highest at 35.37%, followed by arginine at 15.31%. The isoelectric point of T. sinensis fruit protein was between 6.8 and 10.0 with a typical absorption peak by infrared chromatography. Three protein bands were analyzed using SDS-polyacrylamide gel electrophoresis, with relative molecular weights of 55, 51, and 22 kDa. This study provides a theoretical basis for the comprehensive utilization of T. sinensis fruit by further investigating the biological activity of its proteins.
INTRODUCTION
Toona sinensis fruit, a kind of Meliaceae, was recorded in "Materia Medica of the Tang Dynasty" (Xing and Chen, 2010) , and is distributed widely in China. It is a medicine and food product, and its root, tree bark, bud, leaf, and fruit are usually used as medicine. As a traditional Chinese medicinal material, T. sinensis fruit is efficacious at dispelling wind and cold, analgesia, and is mainly used in the treatment of wind chill, exopathy, stomach ache, rheumatic joint pain, chest pain, anal fistula, chronic gastritis, headache, and migraine (Xing and Chen, 2010; He and Lin 2013) .
The active components in T. sinensis fruit include phenols, tannins, alkaloids, saponins, steroids, terpenes, and volatile oil (Chen et al., 2000; Wang et al., 2006; Chen et al., 2008) . The proteins from this plant possess specific physiological functions, which have attracted the attention of nutrilogical scientists. These proteins may reduce cholesterol levels (Higashi et al., 2001; Lee and Jung, 2002) , prevent cancer (Rowlands et al., 2001) , improve cardiovascular and kidney diseases (Jenkins et al., 2001; Appel, 2003) , and support nutrition in patients with liver cirrhosis (Tang et al., 1996) .
Few studies have been performed on T. sinensis fruit proteins, and the extraction technology used for health products, foods, and medicines was under the exploring stage in these fields. This study aimed to investigate the extraction of proteins from T. sinensis fruit, and to preliminarily characterize the physicochemical properties of these proteins. In order to comprehensively develop resources and investigate the nutrition and functional properties of these plant proteins, this study has important practical significance and broad market potential.
MATERIAL AND METHODS

Equipment and reagents
A Mettler Toledo electronic balance (EL204), European quality Household life grinder (DSY-9002), and thermostatic water container (HH600-2B) were obtained from Shanghai Binlon Instrument Co., Ltd. An air-blower-driven Drying Closet (101-1AB) was obtained from Tianjin Taisite Instrument Co., Ltd. An ultraviolet spectrophotometer (UV-800A) was obtained from Shanghai Metash instruments Co., Ltd. The pH meter (pHS-3C) was obtained from Shanghai REX Instrument Factory. The automatic Kieltec Distilling system azotometer (K9860) was obtained from Jinan Hanon Instruments Co., Ltd. A HITACHI high speed AA analyzer (8900), and fourier transform infrared spectrometer (Vector22 FT-IR) were obtained from Bruker Corporation. A double-sided vertical electrophoresis tank (JY-SCZ2) was obtained from Beijing JUNYI Electrophoresis Co., Ltd., and the electrophoresis apparatus (DYY-6C) was obtained from Beijing LiuYi Instrument Factory.
T. sinensis fruit was brought from JiNan ShengKe Technology Development Co., Ltd. and identified as the fruit of T. sinensis (A. Juss.) Roem. by Dr. Xu from The Pharmacognosy Department of WeiFang Medical University. Coomassie brilliant blue G250 (Amresco 0615), an unstained protein molecular weight marker (Thermo Scientific), and standard reagents for analyzing amino acids (AAs) were obtained from Wako Pure Chemical Industries, Ltd.
Extracting proteins from T. sinensis fruit
T. sinensis fruits were ground, defatted in 95% ethanol, and vacuum filtered. Distilled water was added to tubes containing appropriate filter residues, and the pH was adjusted to alkaline. The extraction process was conducted in a heated water bath. After centrifugation, the supernatant was discarded, and distilled water was added to adjust the pH to neutral. The precipitant was freeze-dried and the proteins were obtained.
Measurement of protein contents
Protein concentrations were measured as previously described (Wang et al., 2008) .
Preparation of test solution
Bovine serum albumin (BSA) standard solution was prepared by dissolving 10.0 mg BSA in distilled water with a constant volume of 100 mL.
Coomassie brilliant blue G250 was prepared by dissolving 10 mg Coomassie brilliant blue G250 in 90% ethanol (5.0 mL) with 85% (W/V) phosphoric acid (10.0 mL) and a constant volume of 100 mL. Coomassie brilliant blue G250 was stored in a brown volumetric flask.
Standard curve
The BSA standard solutions (0, 0.1, 0.2, 0.3, 0.4, 0.5, 0.6, 0.7, 0.8, and 0.9 mL) were added to separate tubes and distilled water was added to make each solution up to 1.0 mL. Coomassie brilliant blue G250 (5 mL) was mixed and incubated for 5 min. The absorbance was determined at 595 nm. The standard curve was generated using concentrations of BSA standard solution (mg/mL) as the abscissa and the absorbance as the ordinate (Figure 1 ). 
Measurement of protein content
The protein content in T. sinensis fruit was calculated by measuring the absorbance against the standard curve. Each experiment was repeated three times.
Extraction technology: Single factor exploration
Extraction time
The following conditions were used: weighted 5-g filter residues with a liquid-to-solid ratio of 25:1 and pH 10.0 at 40°C. The amount of extracted protein was measured at different times ( Figure 2 ). 
Extraction pH
Under the above conditions, the amount of extracted protein was measured at different pH levels (Figure 3) . 
Extraction temperature
Using the conditions described above, the amount of extracted protein obtained at different temperatures was measured (Figure 4 ).
Liquid-to-solid ratio
Under the above conditions, the amount of extracted protein obtained under different liquid-to-solid ratios was measured ( Figure 5 ). 
Orthogonal design
The extraction time, pH, temperature, and liquid-to-solid ratio were selected based on the results of the single factor exploration experiments. An L 9 (3 4 ) orthogonal table was used to confirm the extraction technology (Tables 1, 2, 3).
Preliminary characterization of the physicochemical properties of T. sinensis fruit
To determine the total nitrogen content in proteins from T. sinensis fruit, we weighed three 28-mg protein samples and measured the total nitrogen content according to Chinese Pharmacopoeia (2010, IX L) using the micro-Kjeldahl method.
The AA composition of T. sinensis fruit proteins was analyzed as follows: protein samples were pretreatment and 0.02816 g samples of each protein were placed in a tube for hydrolysis. To these, 6 N HCL (15 mL) was added and the samples was then vacuum degassed for 30 min, nitrogenized, sealed, and placed in the dry oven at 110°C for hydrolysis for 22 h. After cooling, the digested samples were transferred into a 50-mL volumetric flask and made up to a constant volume with ultrapure water. Next, 2 mL of the digested sample was transferred to a 5-mL bottle and placed in a vacuum drying chamber at 50°C. After drying, 1 mL ultrapure water was added and the samples were dried again. HCL (1 mL, 0.02 N) was added to dissolve the samples, which were then filtered through a 0.22-mm film.
The following chromatography conditions were used: 2622 # PHion exchange chromatograph (4.5 x 60 mm); sample size (20 µL); wavelengths of AAs were 570 nm except for proline (440 nm); the flow velocity of ninhydrin and loading buffer was 0.35 and 0.4 mL/min, respectively; the temperature of the derivative reactor was 57°C; and the standard concentration of AA was 2 nmol/20 µL with a single point correction (Table 4 and Figure 6 ). In addition, we detected the isoelectric point of the proteins in T. sinensis fruit. The pH of the protein extracts was adjusted between 2 and 13 with 12 points in total using 0.2 M NaOH and 0.2 M HCl (Huang et al., 2008) . The pH values used to obtain minimum and the maximum measurable absorbance were explored and eight points around the maximum were set with spacings of 0.4 to confirm the isoelectric point.
The infrared spectrum was used to analyze the proteins in T. sinensis fruit. Polysaccharide samples were mixed with dried KBr powder, fully ground, and scanned at the wave band of 4000-400 cm -1 . SDS-PAGE was used to determine the molecular weight of the proteins in T. sinensis fruit. According to Laemmli (Hamisi and Likewude, 1994) , the SDS-PAGE conditions included 5% stacking gel, 12% separation gel, and 200-mA current for 2.5 h.
RESULTS
BSA standard curve
The absorbance increased as the BSA concentration increasing from 0 to 0.9 mg/mL, which presented a linear relationship. The equation was as follows: y = 7.7931x + 0.0152, r = 0.9994.
Extraction technology: Single factor exploration
Extraction time
As shown in Figure 1 , the protein content increased as the extraction time increased within the range 0-45 min. After 45 min, the protein content tended to be stable. Thus, the optimal extraction time was determined to be 45 min.
Extraction pH
The results showed that the protein content increased with pH from 8.5 to 9.5. When the pH exceeded 9.5, the protein content decreased gradually. The reason for this might be the increased negative charges of the protein in alkaline solution, which influence the interactions between protein and solution, and protein and protein, and hence, the solubility (Figure 2 ).
Extraction temperature
The results showed that the protein content increased as the temperature increased from 0 to 40°C. When the temperature exceeded 40°C, the protein content decreased gradually. Thus, the optimal extraction temperature was 40°C as shown in Figure 3 .
Liquid-to-solid ratio
As shown in Figure 4 , the protein content increased as the liquid-to-solid ratio increased. The maximum protein content was obtained when the liquid-to-solid ratio was 25:1. Combining the extraction amount and the costs, the optimal liquid-to-solid ratio was 25:1.
Orthogonal test
As shown in Tables 1, 2 , and 3, using the T. sinensis fruit protein as the index, the liquid-to-solid ratio had the most influence followed by the extraction time, temperature, and pH (C > B > D > A). The optimal condition was A 3 B 1 C 2 D 2, (pH 10.5, 40 min, 40°C, liquid:solid = 25:1).
Verification of technology
Using the optimal condition of A 3 B 1 C 2 D 2 , three samples of proteins from T. sinensis fruit were selected. Their weights were 255.9, 260.5, and 264.7 mg, with an average of 260.4 mg, standard deviation (S) of 4.40, relative standard deviation (RSD) of 1.69% (N = 3), which indicated the stability of the A 3 B 1 C 2 D 2 technology.
Preliminary characterization of the physicochemical properties of T. sinensis fruit proteins
The automatic Kieltec Distilling system azotometer was used to measure total nitrogen content in T. sinensis fruit protein, and their total nitrogen content was 13.8 g/100 g, 13.9 g/100 g, and 13.7 g/100 g, with an average of 13.8 g/100 g.
According to GB/T18246-2000 analysis, the AA composition of T. sinensis fruit proteins is shown in Table 4 and Figure 5 . There were 17 different AAs in T. sinensis fruit proteins. The glutamate level was the highest at 35.37%, followed by arginine at 15.31%, and methionine was the lowest at 1.02%.
The isoelectric points of proteins in T. sinensis fruit were measured and are shown in Figure 6A and B. The results revealed that there were two clear wave crests between pH 1.0 and 11.0 when the protein content was measured by Coomassie brilliant blue staining, which indicated that there were two different proteins with different isoelectric points, and their pH values were 6.0 and 10.0, respectively. The absorbance of the supernatant was low, indicating that the quantity of precipitate was high at this pH. Figure 6B shows that the absorbance was lowest, and the precipitation was highest, at pH 10.0, which indicated that pH 10.0 was an isoelectric point.
Next, the infrared spectrum was used to analyze the proteins in T. sinensis fruit. The strong and wide absorption peak at 3395.79 cm -1 represented the stretching vibration of the N-H bond; 2933.19 cm -1 was fermi resonance; 1655.68 cm -1 was the stretching vibration of the C=0 bond; 1536.10 cm -1 was the bending and stretching vibration of the N-H and C-N bonds; 1322.25, 1281.50, and 1238.61 cm -1 were the bending vibrations of C-N and N-H; 594.82 cm -1 was the out of plane of C = 0 bending vibration. The results are shown in Figure 7 .
In addition, we also analyzed the molecular weights of the proteins from T. sinensis fruit. The proteins were mainly concentrated between 66.2 and 18.4 kDa, including three bands at 66.2-45.0 and 25.0-18.4 kDa, which were 55, 51, and 22 kDa, respectively, as shown in Figure 8 . 
DISCUSSION
As a component of traditional Chinese medicine, T. sinensis fruit has many medical effects, due to the presence of many active compounds, including phenols, tannins, alkaloids, saponins, steroids, terpenes, and volatile oil.
Although there have been some studies on its effects, few studies on T. sinensis fruit proteins, and the extraction technology used for health products, foods, and medicines was under the exploring stage in these fields. This study was performed to investigate the extraction of T. sinensis fruit proteins, and to preliminarily characterize the physicochemical properties of the proteins.
In our study, we optimized the extraction technology of proteins in T. sinensis fruit. The results showed that the optimal pH was 10.5, extraction time was 40 min, liquid-to-solid ratio was 25:1, and the temperature was 40°C. Under these optimal conditions, the concentration of extracted protein was 260.4 mg. The total nitrogen content in T. sinensis fruit proteins was 13.8 g/100 g, and included 17 different AAs. The content of Glu and Arg was 50.68% of the total, which indicated that this protein has potential uses as well as developmental prospects. The isoelectric point of T. sinensis fruit proteins was between 6.8 and 10.0. The results of SDS-PAGE revealed three protein bands at 55, 51, and 22 kDa. Our investigation of the proteins of T. sinensis fruit provided the evidence and references for further researches.
